in detail and a model is proposed for quantifying simultaneously anti-and pro-oxidant activities 23 as function of concentration and time. Thus, the combined use of a reproducible procedure and 24 robust mathematical modeling produced consistent and meaningful criteria for comparative 25 characterization of any oxidation modifier, taking into account the dose-time-dependent 26 behavior. The method was verified by characterizing several commercial antioxidants and some 27 metal compounds using the parametric values of the proposed models. The activity of the tested 28 antioxidants decreased in the order ETX > TR > PG > AA> TBHQ > BHA. Others 
Crocin bleaching method 108 109
The subsequent sections describe the final revised procedure defined by this work. Its 110 differences, from alternatives, will be discussed and justified. 111 
Procedure to assess the action of oxidation modifiers 124 125
Where the modifier was an antioxidant, the procedure was: 126
127
In each well of a preheated (37°C) microplate (96 wells, 350 µL) were added 250 µL of reagent 128
and 50 µl of sample in water:ethanol (9:1) (in triplicate). The apparatus was programmed for 200 129 min at 37°C, with agitation at 660 cycles/min (1 mm amplitude) and interruptions for readings at 130 intervals of three, five and 10 min (initiation, propagation and asymptotic phase). In addition to 131 the sample set under study, the microplates contained: 132 133 a) A series (calibration) in which the sample was replaced by a standard antioxidant, in 134 water:ethanol (9:1), at concentrations necessary to obtain a bleaching of 50% at least. 135 b) Three wells (blank) in which the sample was replaced by solvent. 136 c) Three wells (control) with a reagent without AAPH and the sample was replaced by solvent. 137
Thus, spontaneous bleaching of crocin is quantified for correction purposes. 138 d) If the sample or the standard antioxidant absorb at 450 nm, the corresponding series 139 (correction), in which the reagent was replaced by solvent, must be included. 140
141
If the modifier was a pro-oxidant, the procedure is the same, but AAPH is omitted. 142 143
Quantification 144 145
Procedures differed essentially with regard to kinetics, which are inherently sigmoidal. Although 146 it has been recognized that measures for short reaction times (<10 min) do not always lead to 147 appropriate characterizations (Apak et al., 2013; Prior et al., 2005 
where v and v 0 are the bleaching rates of crocin (C) in the presence and absence of antioxidant 163 (A), and k C and k A the rate constants of the reactions of the radicals with C and A. As the crocin 164 concentration remains constant, and the rate constants ratio can be simplified to a new constant 165 (k), the rate v can be written as a linear function of A: 166
in which k is the characterizing parameter and v the bleaching rate of crocin, calculated from the 169 difference between initial (a 0 ) and final (a t ) absorbency at a time (t) within 1-10 min: 170
The restriction of the analysis to the initial rate interval neglects the time-course of the oxidation 173 which however, is important for the characterization of the process. Therefore, this method, 174 despite its kinetic analysis, is considered as a non-kinetic approach. 175 176 A2. Another common method is based on the inhibition of oxidation as a percentage or relative 177 antioxidant activity (I), defined as (Ordoudi & Tsimidou, 2006 respectively, in both cases with α=0.05) were calculated using the 'SolverAid' (Prikler, 2009) . In an open system, it can be accepted that substrate oxidation is exhaustive at a sufficient time, 249 implying a constant asymptote (K=1) in model [5] . Half-life (τ) is always increased by the 250 presence of an antioxidant, causing a decrease in the slope of the function, even when α remains 251 constant. In some cases, α varies, which modifies the slope of the curve independent of the 252 modification induced by the antioxidant in τ. Thus, when the affinity of the antioxidant for the 253 oxygen or radicals is much higher than for the substrate, the propagation phase is delayed, which 254
translates to an increase in α. Pro-oxidants promote the opposite effects. 
Thus, when an entire set of kinetic profiles was simultaneously described by Later on, we will propose some reparametrizations for equation [5] , which would make it useful 284 for modeling the effects of temperature and pH on the rate of the crocin reaction. 285 286
Kinetic behavior of the crocin reaction 287 288
The oxidant action implies interfering in an autocatalytic process in which no less than four 289 chemical species are present (oxygen, oxidizable substrate, antioxidants and oxidation products); 290 reactions of first and second order can take place and interactions can occur at several levels in 291 the sequence. 292
293
The time-dependent response of the CBA is inherently sigmoidal. Dose-response at one time 294 point, with the expectation to find linear form (as described by the non-kinetic approaches A1 295 and A2) often leads to unreliable results and misinterpretation of the effects of response 296 modifying factors (AAPH and antioxidant concentrations, pH, temperature). Today, the 297 preference for apparently, simple and routinely applicable assays with minimal calculation 298 requirements, is justifiable, given the availability of computational applications and microplate 299 readers. Their combination provides adequate tools to work with data sets, which allow accurate case A where the time-dependent response is a first order reaction (π α has to be constant and 315 equal to 1) and the dose-dependent response variation of the specific half-life extension 316 coefficient (π τ ) has to be linear (b τ =0). In any other case, the dose-response will be a non-317 linear relationship. In Figure 1 , case A shows the specific circumstance where the dose-318 response is linear. For cases B, C and D, the responses will always be non-linear, to different 319 degrees, independent of the time selected. In some cases, a concentration-range exists at one 320 given time, in which the result may appear linear, but it is not. Focusing on the response 321 produced at the earliest stage (as it is indicated for CBA, 1-10 minutes) hides statistically 322 more common non-linear relationship, which assisted by the experimental error, leads to less 323 reproducible results. 324 325 b) On the other hand, for the quantification solution A2, the IC 50 value, computed as described 326 by procedure A2, exhibited an asymptotic variation, typically sigmoidal, as function of the 327 analytical time. A2 assumes that the IC 50 value calculated is time-independent, as it can be 328 seen in all four cases presented in Figure 1 . When computing the activity of an antioxidant 329 using criterion A2, the results will be highly dependent on the time of application. 330
331
From the point of practical application -for example, in the food industry-the exclusive focus 332 on finding the most linear solution or simple responses is not helpful for improving the 333 translation of the results found in laboratory assays. Perhaps by using non-linear solutions to 334 describe the oxidation process, we are not helping to translate the results, because they may be 335 related to the response, but at least we are able to: 1) describe precisely the kinetics detected in 336 the many different reactions with antioxidants of very different nature; 2) obtain reproducible 337 values of practical interest, 3) incorporate, if necessary, environmental variables that modify the 338 process, 4) infer mechanistic details that can be verified by other methods. 339
In the CBA, as in many other methods to quantify the antioxidant activity, authors have selected 340 the conditions that hide the sigmoidal character of the oxidation kinetics (¡Error! No se 341 encuentra el origen de la referencia.) and selected commercial antioxidants that generate 342 similar results to the linear specific response (π α =cte=1 and π τ =linear; using commercial 343 antioxidants of TR or PG as we will see later on). Furthermore, instead of comparing dose-344 responses between each other, the common practice is to use the dose-response of one 345 commercial antioxidant as a calibration curve to compute the equivalent antioxidant activity of a 346 sample that is only tested at one single-time-dose, assuming too many aspects as true. 347 348 In our opinion, any criterion that avoids a kinetic focus is a misleading simplification. We are 349 aware that equation [8] is slightly more complex than a linear one, but it is also much less 350 deceiving, because it produces characterizing values of practical interest with high 351 reproducibility, and enables the inclusion of environmental variables that modify the process as 352 well as the mechanistic details that can be verified by other methods. In the following, we will 353 focus on the standardization of the assay, before applying the kinetic approach to the behavior of 354 the crocin reaction, when affected by temperature, pH and a set of oxidation modifiers. The problems associated with the reagent preparation have been extensively described by 361 (Ordoudi & Tsimidou, 2006) . Although the purification of crocin is no longer a difficulty, 362 because the product is commercially available, its conservation state must be checked by 363 verifying that the absorbance at 450 nm of the final reagent with 100 µmol.L -1 crocin is ∼1.40. 364
Minor inaccuracies are not important when the results are analyzed by using kinetic models. 365 366
AAPH solution 367 368
The issues concerning AAPH are less assessed. Its role is to provide radicals at a constant 369 specific rate but, is highly dependent on the amount used and the assay conditions such as pH 370 and T, which will be analyzed and discussed later on. Regarding the reagent preparation, the 371 main aspect is related to preheating or not, and with storing (as stock solution) or not the AAPH showed that AAPH causes a non-linear decrease of the half-life (τ) and a linear increase of α. 
488
Besides these effects, temperature increased -as mentioned already-by both evaporation and 489 thermal gradient in the microplate. We decided to confine to the most standard temperature 490 condition, the 37ºC value. Nonetheless, the most stable results were obtained at 32ºC, and even 491 further reductions would be advisable, whenever they were accompanied by a correlative 492 increase in the AAPH level, to maintain similar kinetic responses (∼30°C and ∼15 mmol.L -1 493 would maximize the accuracy). Although it is not common practice, the spontaneous bleaching 494 in the absence of AAPH must be excluded from the analysis, using the control as described in 495 the methods section. 496 497
pH effect 498 499
The use of buffers is an extended practice, however, there is no consensus on the appropriate 500 initial pH (¡Error! No se encuentra el origen de la referencia.) or applied approach A1 to analyze crocin bleaching in the presence of three antioxidants (caffeic 503 acid, catechol and trolox) at two pH values (5.5 and 7.4), concluding that the pH causes 504 significant differences in the first two cases, but not for the case of trolox. Our preliminary 505 assays, in the crocin-AAPH system, showed the difficulty in distinguishing the effect of pH from 506 that produced by an antioxidant, especially when the antioxidant activity is measured at a single 507 time. Thus, we decided to revise the effect of this variable on the crocin reaction by using 100 508 replaced by an exponential decreasing expression, the following pH-time dependent analysis can 527 be formulated: 528 The CBA revisited assay, presented here, is a powerful tool to simplify hydrophilic responses 572 found in other assays. Although we have revised the effects of several factors which some 573 authors have found occasionally problematic (probably due to the absence of a proper kinetic 574 model), our conclusions do not over-standardize, in fact reduce the variability of the assay. When 575 we establish certain precautions with the reagents used, the adequate working range of pH, the 576 usual working temperature and applying appropriate criteria to quantify the responses, the assay 577 
CONCLUSIONS 652 653
Repeatedly identified problems in connection to the assessment of the antioxidant activity are the 654 low reproducibility, the inability to establish useful comparisons and the need for knowing the 655 effects of the state variables, with the aim of achieving standardized methods which can be 656 generalized to any oxidation-modifying agent (Prieto, Vázquez & Murado, 2014) . These 657 problems, multiplied by the diversity of methods arising from the interest in this field, make the 658 current situation chaotic (Frankel, 1993 (Frankel, , 1994 α>0, while v m only for α>1). 
